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Uie following correction Is In accordance with the Decision of the superlnte^ 55 
Examiner, acting Tor the Comptroller-General, dated the twentyslxth day of April ^ 

ribs 

Page 4, line 11, for "Cable 9 read "cable" , ntj 

ot 

Page 4, line 12, for "but" read "due" 60 

re 

Page 4, line 25, for "extricated" read "extruded" £ 

ts 

Page 4, line 53, for "arrayed" read "arranged" i- 

3s 65 

Attention is also directed to the following printer 1 s errors:- i- 



Page 1, line 1, for "ELECTRICAL" read "ELECTRIC" 
Page 4, line 49, for "os" read "on" 
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into the cable di-electric, because both the 
power factor and di-electric constant of dry 
air are considerably lower than any known 
solid material. At the lower radio frequencies 
the attenuation in feeder cables insulated with 
a solid material of good electrical charac- 
teristics is not excessive in lengths normally 
used, but as the frequency increases so does 
the loss and at high frequencies (50 Mcs/sec 
and higher for example) loss of signal may be 
serious especially if the signal strength is low 
and the run of cable is of normal length of 
fifty feet or so. 

Co-axial cables have been made in the past 
with air spaces or cells formed in the di- 
electric. For example, polythene has been 
applied as a thread helically around the con- 
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^ am* icuiaixi accurately maintained in 
position in relation to the conductor. 

A further object is to produce a cable in a 
single extruding operation with a stationary 80 
die. 

According to the invention there is provided 
a method of manufacturing insulated electric 
cables by an extrusion process from a non- 
rotating die having an outer annular gap of a 85 
size corresponding to an outer tubular en- 
velope of the cable, such gap being connected 
by a plurality of radial gaps to a central cavity 
larger than and through which the conductor 
passes at a controlled speed and having be- 90 
tween each radial gap orifices through which 
air can be forced under pressure, in which 
there is forced through the gaps and cavity a 
heated thermoplastic liquid insulant at such a 
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We, Shardlow Electrical Wires 

Limited, a British Company, of 226/232 

Corn Exchange Buildings, Manchester, Lanca- 
shire, and Francis George Hargreaves, a 
S British Subject, of 60 Mossley Road, Ashton- 

under-Lyne, do hereby declare the invention, 

for which we pray that a patent may be 

granted to us, and the method by which it is 

to be performed, to be particularly described 
10 in and by the following statement : — 

The present invention relates to electric 

cables and methods of and means for manu- 
facturing same, and it concerns in particular 

electric cables of the type having one or more 
15 conductors which are within a .di-electric and 

which also have an outer metal conductor 

(usually woven wire or braiding), such cables 

having a characteristic surge impedance, the 

ohmic value of which is dependent mainly 
20 upon the conductor gauge and spacing used 

and the nature of the di-electric between the 

conductor or conductors and the outer con- 
ductor. The more usual form of such cable 

is one wherein a single conductor is provided 
25 on the axis of the cable, these cables being' 

known as " co-axial cables." 
It is well known that power loss in co-axial 

and similar cables used for the transference of 

high frequency radio and other signals can be 
30 reduced significantly by introducing air spaces 

into the cable di-electric, because both the 

power factor and di-electric constant of dry 

air are considerably lower than any known 

solid material. At the lower radio frequencies 
35 the attenuation in feeder cables insulated with 

a solid material of good electrical charac- 
teristics is not excessive in lengths normally 

used, but as the frequency increases so does 

the loss and at high frequencies (50 Mcs/sec 
40 and higher for example) loss of signal may be 

serious especially .' if the signal strength is low 

and the run of cable is of normal length of 

fifty feet or so. ■ 
Co-axial cables have been made in die past 
45 with air spaces or cells formed in the di- 
electric For example, polythene has been 

applied as a thread helically around the con- 



ductor of a co-axial cable, this thread being 
maintained in a tube of polythene, and also a 
deep ribbed core of polythene has been applied 
to the conductor producing a star-section 
arrangement, this also being maintained with- 
in a polythene tube. 

It has been proposed to manufacture coaxial 
cables by extruding an insulant through a 
stationary die to form a cable with a con- 
ductor having spaced from it by a rib or ribs 
of an insulant an outer envelope of insulant, 
but in such proposal the conductor was not 
embedded in a sheath of the insulant 

It has also been proposed to manufacture 
coaxial cables by extruding an insulant through 
a rotary die so as to produce a cable with its 
conductor embedded in a sheath of the insu- 
lant which is spaced by a helical rib or ribs 
of the insulant from an outer envelope of insu- 
lant. 

An object of the present invention is to 
provide an improved method of and apparatus 
for manufacturing insulated electric cables 
having cavities or cells extending uniformly 
and continuously through the di-electric in 
which the conductor is embedded in a sheath 
of insulant and in which the di-electric has 
sufficient strength for the cable to stand up to 
normal handling and use so that the di-electric 
will be and remain accurately maintained in 
position in relation to the conductor. 

A further object is to produce a cable in a 
single extruding operation with a stationary 
die. 

According to the invention there is provided 
a method of manufacturing insulated electric 
cables by an extrusion process from a non- 
rotating die having an outer annular gap of a 
size corresponding to an outer tubular en- 
velope of tie cable, such gap being connected 
by a plurality of radial gaps to a central cavity 
larger than and through which the conductor 
passes at a controlled speed and having be- 
tween each radial gap orifices through which 
air can be forced under pressure, in which 
there is forced through the gaps and cavity a 
heated thermoplastic liquid insulant at such a 
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temperature and rate that the same will set 
soon after emerging from the die and in which 
; at the same time air is forced under a con- 
: trolled pressure through each of the plurality 
5 i of orifices, the air pressure being controlled at 
such a pressure as to maintain such air spaces 
between each of the radial ribs that the insu- 
lated cable sets with the conductor embedded 
in an annular sheath of the insulant connected 

10 by radial ribs of insulant to the outer tubular 
envelope of insulant of a size corresponding to 
the outer annular gap. 

The invention also consists of an apparatus 
for manufacturing insulated electric cables by 

15 an extrusion process through a die compris- 
ing a non-rotating die having an outer 
annular gap connected by a plurality of radial 
gaps to an inner central cavity larger than the 
conductor and so disposed that the conductor 

20 will pass through the same and having be- 
tween each radial gap orifices, there being 
provided means for forcing through the gaps 
and cavity a heated thermoplastic insulant and 
means for forcing through each of the orifices 

25 air at a controlled pressure. 

The embedding of the conductor in this 
inner covering results in a construction which 
is strong and will not twist or distort in 
normal use. The whole di-electric is formed 

30 in one piece as a unitary structure and can 
easily be covered with the usual braided or 
other metal outer and protective cover. 

Preferably the insulant is polythene or other 
synthetic plastic material having the desired 

35 physical and electrical characteristics. 

In accordance with the invention, there is 
produced a cable in which the di-electric con- 
sists of a proportion of insulant and a propor- 
tion of air by virtue of the cells which run 

40 through the di-electric. The conductor is held 
embedded within a covering of the solid insu- 
lant from which ribs extend to an outer en- 
velope, and as a result, there is resistance to 
deformation or twisting or serious eccentricity 

45 of the conductor such as might occur by care- 
less laying or damage. The power-loss de- 
creases as the proportion of air to solid di- 
electric increases, and the proportional limits 
are determined mainly by the physical con- 

50 siderations involved. By correct adjustment of 
the air pressure in relation to the extrusion 
pressure, it is possible to compensate for any 
physical variations which might occur in the 
extruded insulant 

55 In order that a clear understanding of the 
invention may be obtained reference will now 
be made to the accompanying drawings, which 
show diagrammatically a preferred form of 
extrusion head and die in accordance with the 

60 invention. In the drawings, Fig. 1 is a longi- 
tudinal sectional view through the head and 
Fig. 2 is a front perspective view to an en- 
larged scale of the die, with part broken away. 
Referring to Fig. 1, the head generally is 

65 of conventional form, including a hollow body 



10 into which heated polythene in a liquid 
form is force fed through an inlet 11 by means 
of a scroll and feed mechanism 12. The die 
case 13 is located on the front of the body, 
and has passages 14 to allow for the extrusion 70 
of the polythene. 

The die includes inner part or point I, co- 
axial with an inner space or chamber 16. The 
inner part I has a central orifice 19, feeding 
into a cavity 20, and the conductor C which 75 
may be single or multi-strand is fed in from 
the rear end of the chamber 16 and passes 
through said chamber, through the orifice 19 
and cavity 20 and out through the die point, 
the plastic insulant D coating same during the 80 
extrusion operation. The point has a number 
of radial gaps or slots 15 from its outer sur- 
face to the cavity 20 (Fig. 2). 

The point end is built up so that a number 
of air outlet orifices 17 are provided located 85 
concentrically around the conductor outlet 
orifice, one in each part of the point between 
adjacent gaps 15. Preferably five such gaps 
and air outlet orifices are provided equispaced 
around a circle, one gap being shown in Figure 90 

It will be seen from Fig. 2, that the insu- 
lant D is forced down the slots 15 into the 
cavity 20 and also passes along the outer sur- 
face of the point I so that the conductor C is 95 
embedded in a coating or inner sheath from 
which ribs radiate to an outer tubular en- 
velope. 

An air inlet 18 is provided into the chamber 
16, this being supplied from a suitable com- 100 
pressor through reducing valve and control, so 
that air under pressure is fed into the chamber 
and is forced from the air jet orifices 17 into 
the cells formed between the gaps 15. In 
figure 2, the full line arrows indicate the path 105 
of the liquid insulant, and the broken line 
-arrows-'tfae'path'of the air. By suitably con- 
trolling the air pressure, and rate of feed of 
the insulant and conductor, the formed cable 
can be produced with a number of cells or 110 
cavities through the , di-electric along and 
around the conductor. " 

An outer" conductor, such as braided metal, 
may be provided over the di-electric, this 
outer conductor being sheathed in an outer 115 
protective cover in the usual way. The outer 
conductors are not shown being no part of 
the invention. 

It is to be noted that by alteration in the 
air pressure it is possible to compensate for 120 
changes in viscosity or resilience which may 
occur in the hot extruded insulant which is of 
a liquid nature. 

Further, the present invention ensures that 
a coating of insulant is applied to the con- 125 
ductor. In order to maintain the desired elec- 
trical characteristics of the cable, it is neces- 
sary to ensure that there is no undue displace- 
ment of the core in relation to the outer con- 
ductor which is likely to occur if the cable is 130 
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bent or twisted in use. The invention herein 
ensures sufficient rigidity to prevent undue dis- 
placement in use, whilst providing a di- 
electric ensuring low power loss. 
WHAT WE CLAIM IS : — 

1. Method of manufacturing insulated elec- 
tric cables by an extrusion process from a non- 
rotating die having an outer annular gap of a 
size corresponding to an outer tubular en- 
velope of the cable, such gap being connected 
by a plurality of radial gaps to a central cavity 
larger than and through which the conductor 
passes at a controlled speed and having be- 
tween each radial gap orifices through which 
air tan be forced under pressure in which 
there is forced through the gaps and cavity 
heated thermoplastic Squid insulant at such a 
temperature and rate that the same will set 
soon after emerging from the die and in 
which at the same time air is forced under a 
controlled pressure through each of the 
plurality of orifices, the air pressure being con- 
trolled at such a pressure as to maintain such 
air spaces between each of the radial ribs that 
the insulated cable sets with the conductor 
embedded in an annular sheath of the insu- 
lant connected by radial ribs of insulant to 
the outer tubular envelope of insulant of a 
size corresponding to the outer annular gap. 

2. Apparatus for manufacturing insulated 
electric cables by an extrusion process through 
a die comprising a non-rotating die having an 
outer annular gap connected by a plurality of 
radial gaps to an inner central cavity larger 
than the conductor and so disposed that the 
conductor will pass through the same and hav- 
ing between each radial gap orifices, there 
being provided means for forcing through the 
gaps and cavity a heated thermoplastic insu- 



lant and means for farcing, through each of 40 
the orifices air at a controlled pressure. 

3. An insulated electric cable, having an 
envelope of insulant connected by radial ribs 
of insulant to a sheath of insulant in which 

the conductor is embedded, when manufac- 45 
tured in accordance with the method claimed 
in Claim 1 or by the apparatus claimed in 
Claim 2. 

4. A method according to Claim 1 or a 
cable according to Claim 3 in which the insu- 50 
lant is polythene or other synthetic plastic 
material having the desired physical and elec- 
trical characteristics. 

5. Apparatus as claimed in Claim 2, where- 
in the die comprises an inner part or point 55 
having a centrally located orifice at its rear 
end leading into a co-axial cavity, and a- 
plurality of equally spaced radial gaps in the 
form of slots -extending from said cavity to 

the outer surface of said inner part, and an 60 
outer part disposed concentrically around the 
inner part and having its inner surface spaced 
from the outer surface of the inner part, and 
means are provided for feeding the di-electric '.- : 
into the space between said surfaces; 65 

6. Apparatus as claimed in any of the- pro- 
ceding claims wherein means are provided for 
controlling the rate of feed of the conductor: 

7. The method of manufacturing co-axial 

or like cables, substantially as herein de- 70 
scribed. 

8. Apparatus for making co-axial or like 
feeder cables, substantially as herein described 
with reference to the accompanying drawings. r ; 

9. Co-axial cables when produced by the 75 
method or apparatus of any of the claims 1, 

2, 4, 5, 6, 7 and 8. 

T. B. BROWNE. 
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We, Shardlow Electric Wires 
Limited, a British Company of 226/232 

80 Corn Exchange Buildings, Manchester, Lanca- 
shire, and Francis George Hargreaves, 60 
Mossley Road, Ashton-under-Lyne, a British 
Subject, -do hereby .declare this invention to be 
described in the following statement: — 

85 The present invention relates to electric 
cables and methods of and means for manu- 
facturing same, and it concerns in particular 
electric cables of die type having one or more 
cores which are accurately spaced within an 

90 outer metal conductor (usually woven wire or 
braiding), such cables having a characteristic 
surge impedance the ohmic value of which 
mainly is dependent upon the core gauge and 
spacing used and the nature of the di-electric 

95 between the core or cores and outer con- 
ductor. Such cables generally being referred to 
as co-axial cables. 

The primary! object of the present inven- 
tion is to provide a method of manufacturing 



co-axial cables, wherein a solid di-electric is 100 
provided having air cavities therethrough, 
which method is such that the moulding of 
the di-electric and formation of the cavities 
are carried out in one operation. A further 
object is to provide a method of manufacture 105 
ing cables wherein the size of the cavities can 
be controlled or varied easily. 

In accordance with the present invention the 
method broadly consists in covering the con- 
ductor or conductors with the solid insulating 110 
material such as polythene or like synthetic 
plastic material by an extrusion process as is 
usual, by feeding the material and conductor 
or conductors through a die-head, and in feed- 
ing to the die-head fluid under controlled pres- 115 
sure, said head being formed with outlet 
orifices whereby the pressure as the extrusion 
process proceeds, results in the production of 
a di-electric covering consisting of the material 
with passages or spaces therealong. Con- 120 
veniently, the die head is formed so that the 
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spaces are symmetrically spaced around a 
centre conductor or core. The cable is en- 
cased in the outer conductor and protective 
outer cover in the usual way. 
5 Cables manufactured in accordance with 
the present invention have a lower electrical 
loss at high frequencies compared with cables 
having a solid dielectric core. The number of 
cavities can be varied but for standard co- 

10 axial cables five is a convenient number. The 
cost of production of the Cable is cheaper 
than that with solid core, but to the substitu- 
tion of air for dielectric material. 
< The invention also consists of an apparatus 

15 for producing cables as set forth, which 
apparatus includes an extrusion moulding head 
having a die formed with an aperture or aper- 
tures for the passage of the core or cores and 
arranged so that a plastic di-electric can be 

20 forced to sheath the said core or cores, and 
apertures providing jets for the passage of fluid 
e.g. air, under controlled compression, to the 
sheath of di-electric whereby cavities are 
blown in the di-electric as the cable with its 

25 di-electric sheath or insulant is extricated. 

In one form, the extrusion head has an inner 
chamber through which a copper wire or core 
is fed. Air under pressure also is fed into this 
chamber. The die-head comprises an inner 

30 part with a part conical outer surface, and an 
outer part with a similar inner surface. The 
polythene or like plastic is forced under pres- 
sure from a compartment around the cham- 
ber, through a passage or passages into the 

35 space between the die-head parts, where it 



surrounds the core as same issues from the 
head. The inner part is provided with a part- 
conical co-axial cavity in communication with 
the chamber and this cavity feeds through a 
number of narrow passageways, out from the 40 
front or nose of the inner part It will be 
understood that die outer part has a co-axial 
outlet aperture, so that as the process proceeds, 
the core is extruded from this aperture, with- 
in its di-electric. The passageways however, 45 
are such that the air pressure results in die 
formation of cavities through the extruded di- 
electric around the core. The size of die 
cavities will depend mainly os the pressure 
used, and speed of extrusion and their number 50 
and shape depends on the design of the die. 
Conveniendy five cavities of equal cross- 
section are formed, symmetrically arrayed 
around the core, these being of a shape in 
cross-section tapering from their outer ends 55 
towards the inner ends i.e. towards the core. 
Thus the di-electric virtually consists of a 
centre "boss" around the core from which 
five ribs or spokes radiate all being united in 
an outer ring or rim part 60 

The air is conveniendy fed from an air 
pump through a reducing valve into the head 
chamber. 

F. G. HARGREAVES. 
The common seal of Shardlow Electric 
Wires Limited, was hereunto affixed in 
the presence of: — " 
A. S. Hargreaves, Director, 
R. Malley, Secretary. 
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